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Shot noise redution in quantum wires is interpreted within the model for the 0.7 struture in
the ondutane of near perfet quantum wires [T. Reje, A. Ram²ak, and J. H. Jeerson, Phys.
Rev. B 62, 12985 (2000)℄. It is shown how the Fano fator struture is related to the spei
struture of the ondutane as a onsequene of the singlettriplet nature of the resonanes with
the probability ratio 1:3. An additional feature in the Fano fator, related to the 0.25 struture
in ondutane, is predited.
Condutane in various types of quantum wires and
quantum point ontats is quantized in units of G0 =
2e2/h. Sine the rst experimental evidene for this
eet
1,2
many subsequent experiments have supported
the idea of ballisti ondutane in lean quantum wires.
However, ertain anomalies remain, some of whih are
believed to be related to eletron-eletron interations
and appear to be spin-dependent. In the rising edge to
the rst ondutane plateau, a struture appears around
0.7G0, merging into the plateau at higher energies.
3
Traes of suh an anomaly are present already in the
early measurements.
1,4
In quantum point ontats an ad-
ditional struture appears around 0.25G0 with inreasing
soure-drain bias
3
and this struture is also seen at low
bias in hard-onned quantum wires.
4,5,6,7,8
Under inreasing magneti eld the 0.7 struture
moves down and merges with the
1
2
G0 plateau at very
high elds.
4,5,6,7,8
At elevated temperatures the stru-
tures are eventually washed out but surprisingly this
also happens at very low temperatures where the dis-
appearane of the 0.7 struture signals the formation
of a Kondo-like orrelated spin state.
7,9
Related anoma-
lies in thermopower measurements may also be explained
though a violation of the Mott-law emerges at very low
temperatures. This additionally suggests a many-body
nature of eletron transport in ballisti quantum wires.
10
Reently the non-equilibrium urrent noise in a one-
dimensional quantum wire was measured
11,12
and this
new lass of measurements opens up a range of possi-
bilities for gaining new insight into the problem of the
transport anomalies in lean quantum wires. In parti-
ular, areful measurements of the Fano fator in the ex-
pression for shot noise for this system appears to be or-
related with anomalies in ondutane, signaling dierent
transmission probabilities for spin sub-hannels.
In this paper we present a theoretial explanation of
the peuliar dependene of the Fano fator on ondu-
tane and Fermi energy in ballisti quantum wires. We
follow the idea developed in the study of ondutane of
a lean one-dimensional quantum wire with ylindrial
13
or retangular ross setion
14
and a very weak bulge.
Several other senarios for the 0.7 struture were re-
ently proposed, from a phenomenologial model involv-
ing enhaned spin orrelations,
15
Kondo-like physis due
to a loalised moment,
16
utuation of loal eletron
density
17
to orretions due to the baksattering of ele-
trons due to phonons orWigner rystal state formation.
18
The relevane of these models to the desription of the
0.7 anomaly in shot noise measurements has not yet been
investigated.
Here we do not limit the investigation to a partiu-
lar geometry of the wire but onsider the general ase of
a slightly imperfet quantum wire. Suh strutures o-
ur naturally, e.g. from a two-dimensional eletron gas
(2DEG) in whih a surfae split-gate, whih depletes the
2DEG below it, gives rise to a quasi one-dimensional on-
duting hannel at low temperatures. Slight deviation
from a perfet one-dimensional onning potential, either
aidental or deliberate, an give rise to a loalized poten-
tial well with single-eletron bound states. This ours in
a wire with a weak symmetri bulge
13
or in the presene
of remote gates, impurities or even eletri polarization
due to the eletron itself. The lowest bound state with en-
ergy ǫb < 0 relative to the bottom of the rst ondutane
hannel is shown shematially in Fig. 1(a). Provided the
onning potential is suiently weak, only a single ele-
tron will be bound sine the energy of the seond eletron
will be in the ontinuum due to Coulomb repulsion and
the system behaves like an open quantum dot. From
the numerially exat solution of two-eletron sattering
problem, one an extrat the transmission probabilities
for partiular spin ongurations.
13
The problem is anal-
ogous to treating the ollision of an eletron with a hy-
drogen atom, e.g., as studied by J. R. Oppenheimer and
N. F. Mott.
19
This an be visualized as the sattering
of the seond eletron in an eetive potential Veff aris-
ing from the ombined eet of the Coulomb repulsion
from the rst eletron and the initial onning potential
[Fig. 1(b)℄. In the absene of a magneti eld the appro-
priate spin sub-hannels are singlet and triplet and, as
illustrated in Fig. 1(b), the two-eletron system exhibits
singlet and triplet quasi-bound-state resonanes in trans-
mission. Summing over all eletrons in the leads gives the
urrent,
13,20
I =
2e
h
∫
(
1
4
T0 +
3
4
T1)(fL − fR)dǫ, (1)
where TS = TS(ǫ) is energy dependent singlet or triplet
2transmission probability for S = 0 and S = 1, re-
spetively. fL,R = {1 + exp[(ǫ − µL,R)/kBT ]}
−1
is the
usual Fermi distribution funtion orresponding to left
and right lead, respetively, with temperature T and the
Boltzmann onstant kB . In the linear regime, ∆µ =
µL − µR → 0, this redues to a generalized Landauer-
Büttiker formula
13,20
for ondutane, G = eI/∆µ. The
many-eletron problem an be mapped onto an extended
Anderson model
21,22
for whih we have an open quan-
tum dot with Coulomb blokade exept near the res-
onanes whih are analogue to mixed-valene single-
eletron tunneling regime. At very low temperatures the
eets of Kondo physis are expeted and indeed signaled
experimentally
9
and studied theoretially.
16
However, at
higher temperatures these Kondo eets are suppressed
and the extended Anderson model yields a ondutane
in agreement with Eq. (1).
In aordane with the Lieb-Mattis theorem
23
the
singlet resonane is always at lower energies than the
triplet, ǫ0 < ǫ1, and onsequently the quasi-bound state
has longer lifetime (the resonane is sharper) than the
triplet. This is learly seen from the results obtained for
the ase of a ylindrial (or retangular) quantum wire
with a symmetri bulge,
13,14
presented in Fig 2(a1) and
Fig 2(b1).
Reent high auray shot noise measurements enabled
the extration of the Fano fator in ballisti quantum
wires.
12
The Fano fator F is a onvenient measure of
the deviation from Poissonian shot noise. It is the ratio
of the atual shot noise and the Poisson noise that would
be measured in an independent-eletron system.
24
This
fator is, in our model,
F =
∫
[T0(1 − T0) + 3T1(1− T1)](fL − fR)
2dǫ∫
(T0 + 3T1)(fL − fR)2dǫ
. (2)
This expression and Eq. (1), are based on the results of a
two-eletron sattering between a single bound eletron
and a propagating ondution eletron with a summa-
tion over all ondution eletrons near the Fermi energy.
This approximation is only valid at temperatures above
the Kondo sale in this system,
16
as disussed in Ref. 22.
Eq. (2) diretly reets the fat that singlet and triplet
modes do not mix in this pairwise interation approxi-
mation, resulting in ontributions to the noise that add
inoherently with the probability ratio 1:3 for singlet and
triplet sattering.
The ondutane G(µ) and Fano fator F (µ) are plot-
ted vs µ in Fig. 2(a2) and Fig. 2(b2), with Fig. 2(a3)
and Fig. 2(b3) showing the Fano fator F vs G for var-
ious temperatures and in the linear response regime,
µ = µL ∼ µR. The dotted lines show zero tempera-
ture boundaries for the allowed values of F , under the
assumption of validity of Eq. (2) in the limit T → 0
and the unitarity ondition for the transmission proba-
bilities, 0 ≤ TS ≤ 1. Eq. (2) is not stritly valid in the
limit T → 0 due to many-eletron eets whih start be-
oming important at low temperatures. Thus this zero-
temperature limit should be regarded as a limiting behav-
ior that would our in the absene of suh many-body
eets. The Fano fator exhibits two distintive features.
Firstly, there is a struture for G/G0 < 0.5 orresponding
to the sharp 0.25 singlet ondutane anomaly. The se-
ond distintive feature is in the region 0.5 < G/G0 < 1
and orresponds to the dip in singlet hannel just above
the singlet resonane and also partially to the triplet
hannel resonane. In our previous work we assumed a
symmetri onning potential utuation, giving perfet
transmission probabilities at resonane energies. How-
ever, in real systems left-right symmetry will not be per-
fet, espeially if the utuation is of random origin,
and also under nite soure-drain bias. In these ases
TS < 1 even on resonane. Suh an example is presented
in Fig. 2(1−3). In this ase the struture of F (G) is
less pronouned, onsisting of kinks at G/G0 . 0.5 and
G/G0 . 0.75. This behavior is a onsequene of the
absene of a pronouned triplet resonane and a dip in
the singlet hannel as mentioned above. Suh a situation
is typial for very weak onning potential utuations,
where the triplet resonane is far in the ontinuum.
The struture at G/G0 . 0.5 has the same origin as
the 0.25 struture in ondutane, a diret onsequene
of a sharp singlet resonane. In Fig. 1() we show a
shemati representation of the non-linear regime with
nite soure-drain voltage. In this ase the double peak
potential barrier is asymmetri and shallower, giving rise
to broader singlet and triplet resonanes. The triplet
resonane an even beome over-damped while the sin-
glet beomes more robust to temperature as it broad-
ens. Hene a pronouned 0.25 struture in the on-
dutane is expeted, surviving to higher soure-drain
voltage than the triplet (0.7 struture). This is indeed
seen in experiments.
4,5,8
If Eq. (2) at least qualitatively
holds also in this non-linear regime, a distintive fea-
ture should appear in the Fano fator, as presented in
Fig. 2(a3,b3,3).
Thus far we have alulated ondutane and Fano fa-
tor from singlet and triplet resonanes and found good
semi-quantitative agreement with experiment. In the
regime of linear ondutane and low temperature Eq. (1)
and Eq. (2) simplify, with G and F determined by Ts(µ)
taken at the Fermi energy. We an then invert the
proedure and use the experimentally determined on-
dutane and Fano fator to determine the transmission
probabilities T0 and T1 using Eq. (1) and Eq. (2) in this
regime. Unitarity for F requires that F ≤ 1 − G/G0
and that F is above some lower limit, Fmin(G), dotted
line in inset of Fig. 3(a). Unfortunately experimental
values of F rise above this limit, possibly due to un-
ertain temperature orretions, and therefore annot be
used to determine the probabilities unambiguously. How-
ever, some estimates an be done. First we approximate
F (G) = min(FI , 1−G/G0), where FI orresponds to the
line onneting the experimental points for B = 0. Suh
a t I is presented in the inset of Fig. 3(a) (full line).
Another hoie is F (G) = FII , where FII is some min-
3imal assumption linear approximation for experimental
data at low G and presented in Fig. 3(a) inset with a
dashed line, t II. Line-shaded areas between the two
hoies orrespond to the experimentally undetermined
regime.
In Fig. 3(a) are presented singlet and triplet transmis-
sion probabilities extrated from suh F (G) and the or-
responding experimental values for G(µ) for T =515 mK.
In spite of the unertainty in F , the struture of both,
T0 and T1 are relatively well determined and remarkably
similar to the theoretially predited ases from Fig. 2,
with a muh larger triplet transmission probability at
lower energies, where the singlet is just above resonane
and only slowly approahes unity. A small resonane in
the singlet transmission probability orresponds to the
kink struture in F at G ∼ 0.5G0. However, more a-
urate measurements of F are neessary in order to re-
due the error bars in the estimates of singlet and triplet
transmission probabilities. In Fig. 3(b) these probabili-
ties are extrated for the ase of the lower temperature
T =273 mK. The most striking observation is the more
rapid inrease of the singlet transmission probability, a
possible signature of Kondo behavior.
9,16
The experimentally measured Fano fator in a strong
magneti eld learly suggests spin-up and spin-down
struture of spin sub-hannels. Here the singlettriplet
onept is not relevant, T↑ and T↓ being the appropri-
ate sub-hannel division. Eq. (2) is therefore not valid in
this limit. However, the theoretial results for the on-
dutane of near perfet quantum wires in a magneti
eld
14,22
predit that, due to the Zeeman sub-band split-
ting at nite magneti eld, only one spin hannel is open
at lower energies and the ondutane reahes G ∼ G0
only at higher energies, onsistent with experiment. The
orresponding Fano fator then follows the unitarity limit
for this ase, F ∼ 1−2G/G0 forG < 0.5G0 forming a bow
with a maximum at G ∼ 0.75G0 shown in Ref. 12. This
is qualitatively onsistent with the experimentally deter-
mined high eld results for F , though a more quantitative
desription of the transition between the two regimes is
still laking.
To onlude, we have shown that anomalous stru-
tures in shot noise Fano fator measurements an be
understood within the framework of the theory of
0.7 ondutane anomalies in near perfet quantum
wires.
13
The analysis of temperature dependene indi-
ates stronger singlet-hannel temperature dependene,
whih ould be related to the Kondo-like behavior at
lower temperature.
9,16
High magneti eld measurements
are in qualitative agreement with the results of the the-
ory. Finally, our results for a weak asymmetri onn-
ing potential in an otherwise perfet quantum wire pre-
dit that in nite soure-drain voltage measurements a
strong struture in Fano fator should appear for G .
0.5G0. This struture orresponds to the reently mea-
sured 0.25 ondutane anomalies.
8
Additional rened
measurements of ondutane and the Fano fator ould
more preisely resolve the singlet and triplet transmis-
sion probabilities and test the preditions of the theory
based on the singlettriplet resonant sattering.
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Figure 1: (olor online) (a) A weak negative potential utuation binds one eletron (eletron density shown with dashed line)
with the energy below rst hannel minimum, ǫb < 0 (dotted line) and hemial potential µL ∼ µR. (b) Finite ondution with
eletron energy, ǫ > 0, and linear regime, µL & µR. Two-eletron sattering (quasi-bound) state is singlet or triplet. Veff is
an eetive double barrier tunneling potential for the sattered eletron. () Larger soure-drain voltage where the triplet (ǫ1)
resonane beomes over-damped with a broader, more robust, singlet (ǫ0) beoming visible in transport.
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Figure 2: (olor online) Panels (a1) and (b1): singlet and triplet transmission probabilities as a funtion of Fermi energy µ
measured relative to the bottom of the rst hannel. Results for ylindrial quantum wires with a symmetri bulge for all
parameters as in Fig. 3(b) and Fig. 3() of Ref. 13. In panels (a2) and (b2) the ondutane (full lines) and the Fano fator are
presented. Panels (a3) and (b3): Fano fator as a funtion of G (full line) and unitarity limits (dotted line). (1) transmission
probabilities as would arise, e.g., for a left-right asymmetri onning potential (in resonane TS < 1). The orresponding
energy dependene of the Fano fator and ondutane, (2), and Fano fator as a funtion of ondutane, (3). Energy and
temperature sale is here in the units of single-triplet energy dierene J .
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Figure 3: (olor online) (a) Inset: experimental values from Ref. 12 for F (G) for B = 0 (bullets) and two dierent interpolating
(tting) forms of F . Main gure: ondutane for T = 515 mK and B = 0 (dashed line), singlet (full line) and triplet (dotted)
transmission probabilities extrated from experimental values of G(µ) vs µ and using two interpolating forms for F . Shaded
area orresponds to the shaded area in the inset. (b) As in (a), for T = 273 mK.
